Objectives To analyse the antibiotic prescribing trends for exodontia and minor oral surgery in patients with a history of radiotherapy. Also, to evaluate the use of hyperbaric oxygen as a separate modality in the prevention of osteoradionecrosis. Design A survey of antibiotic prescribing involving the analysis of a questionnaire which included the management of three patients with a history of head and neck malignancy. Method The heads of the departments in each unit in the UK were sent a closed-response questionnaire. Antibiotic prescribing was assessed in three case scenarios. Case one referred to a patient that had surgery alone as part of the management of head and neck cancer, who needed the surgical removal of second molar roots. Case two referred to a patient that had surgery and adjuvant radiotherapy as part of the management of head and neck cancer, and needed the same procedure as in case one. Case three included a patient with a history of surgery and adjuvant radiotherapy, who required the extraction of three mobile and periodontally-involved lower incisors. Consultants were also asked about the use of hyperbaric oxygen in the patients who had radiotherapy as part of their treatment strategy. Results A total of 109 questionnaires were sent to all the Maxillofacial Units in the UK. The response rate was 73%. In patients with a history of radical surgery alone for the management of head and neck cancer, 20% of the surgeons advocated pre-operative antibiotics for the surgical removal of lower posterior teeth. In contrast, in the patient with a history of adjuvant radiotherapy 86% supported pre-operative antimicrobial use for the surgical removal of the same teeth. In the extraction of mobile and periodontally involved lower incisors in the previously irradiated patient, 63% of the clinicians supported pre-extraction antibiotics. Postoperative antibiotics were advocated in 52% in the first case, 89% in the second case and 71% in the third case. 34% of the clinicians advocated hyperbaric oxygen for surgical removal of posterior teeth and 15% for the extraction of mobile anterior teeth.
Patients who have radiotherapy, as part of their management of head and neck cancer are at risk of developing jaw osteoradionecrosis (ORN) following dental extractions. 1,2 Teeth should be kept wherever possible as chewing function has an important bearing on the quality of life. 3, 4 The presence of teeth and their later extraction places the patient at risk of developing one of the most severe complications of radiotherapy, that of ORN. Traditionally ORN has been defined as the exposed irradiated bone that fails to heal over a period of 3 months. 5 It is a chronic condition, it is not the same as a dry socket, and the risk of developing it does not diminish with time. 6, 7 The accepted cause is a progressive endarteritis with a decrease in the microcirculation. 8 The periosteum undergoes fibrosis, osteoblasts and osteocytes are destroyed and the marrow spaces in the bone become filled with fibrous tissue. The major risk factors for ORN are extractions or biopsies that overly bone. Although ORN can occur spontaneously, these procedures place the patient in great danger. 1 Predisposing factors for ORN include anatomic location of the tumour, total radiation dose, mode of radiation delivery and dental status. 9 Superimposed on the rate of developing ORN, extractions have been implicated more often than any other factor. 1 ORN is more likely to arise after the removal of mandibular molars located directly in the treatment field. The chance of developing ORN after dental extraction ranges from 0 to 65%, but averages 5.8% when data from different studies are analysed. 10 The importance of dental extractions is given additional significance because mandibular resection is more frequently required if ORN occurs following extractions. 11 The healing capacity of head and neck cancer patients can be compromised and Kluth et al. 12 emphasised smoking, alcohol and nutritional status as other risk co-factors.
Recommendations have been made in surgical practice in an attempt to reduce the risk of developing ORN. These can be broadly classified into preventative oral care, 13-16 adjuvant therapies such
• There is a lack of a totally unified approach in the management of patients with a history of radiotherapy for head and neck malignancy requiring dental extractions.
• Hyperbaric oxygen is a modality that needs to be explored as a prophylactic measure, in the patients with previous radiotherapy in need for dental extractions or minor oral surgical procedures, for its effectiveness to be fully known.
• There is clear evidence of antibiotic oversubscribing. Oral and maxillofacial surgeons would prescribe antibiotics irrespective of the risk for subsequent osteoradionecrosis.
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as use of hyperbaric oxygen and ultrasound, 17, 18 modified surgical techniques 6, 18, 19 and a combination of pre-and post-operative antimicrobial protocols. 6, 10, [20] [21] [22] [23] [24] As ORN is a chronic condition of bone, some authors have suggested antibiotics that have an affinity for bone and advocate a prolonged course of treatment. 19, [25] [26] [27] The prevention of ORN following radiotherapy presents a challenge. Many authors of articles on ORN either failed to mention antibiotics at all, or made only a brief comment about their general application. 1, 5, 8, 11, 12, [28] [29] [30] The purpose of this investigation was to determine prescribing for exodontia and minor oral surgery following radiotherapy by surveying current opinion amongst consultant oral and maxillofacial surgeons.
MATERIALS AND METHODS
The heads of the departments in each oral and maxillofacial surgery unit in the UK were sent a questionnaire. Consultants were asked about antibiotic prescribing in three carefully constructed case scenarios. Case one referred to a patient that had surgery alone as part of the management of head and neck cancer, who needed the surgical removal of second molar roots. Case two was referred to a patient that had combination therapy, which included primary surgery and adjuvant radiotherapy as part of the management of head and neck cancer, in need of the same procedure as in case one. Finally, case three included a patient with a history of primary surgery with adjuvant radiotherapy, who required the extraction of three mobile and periodontally-involved lower incisors. The first case allowed comparison with the two other cases, which had adjuvant radiotherapy. Cases one and two provided information about minor oral surgery procedures when case three gave an insight into the management of simple extractions. Consultants were also asked about the use of hyperbaric oxygen (HBO) in the patients who had radiotherapy as part of their treatment strategy. Copies of the questionnaire are available from the lead author.
There are 129 oral and maxillofacial units in the UK and because some maxillofacial consultants covered more than one unit the survey size was 109. Their responses were examined and their significance assessed using the χ 2 test.
RESULTS
A total of 109 questionnaires were sent to all the maxillofacial units in the UK; 79 questionnaires were returned (73% response rate). Three questionnaires were not completed and 11 of the 79 were returned incorrectly marked. The results of the remainder 82% were presented below in Table 1 . Cancer patients were treated by 72/79 units.
Responding to case one in which the treatment had been restricted to surgical intervention alone 13/65 (20%) of the surgeons advocated pre-operative antibiotics. In contrast, in the second case scenario 56/65 (86%) supported pre-operative antimicrobial use. In the third case scenario which involved extraction of mobile and periodontally involved lower incisors 41/65 (63%) clinicians supported pre-extraction antibiotics. The route of administration at induction was intravenous 12/13 in case one, 55/56 in case two, 41/41 in case three. One of the clinicians advocated suppository antibiotics for the relevant patient groups in the first and second cases.
Post-operative antibiotics were advocated in 34/65 (52%) in case one, in 58/65 (89%) in case two and in 46/65 (71%) in case three. In the previously irradiated patient that required the surgical removal of posterior teeth six of the responders did not support a course of post-op antibiotics, but suggested one dose of post-operative intravenous antibiotics. Analysing the antibiotics chosen (Figs 1  and 2 ) in the second and third case scenario using a χ 2 test, the probabilities of the choices being a random sample was less than 0.001 (P < 0.001). The most popular choice of antibiotic overall was amoxicillin in patients not allergic to penicillins and clindamycin in those with allergy. Of the consultants prescribing post-operative antibiotics for the last two case scenarios, 39/44 (89%) used the same antibiotic on each occasion. The range in duration of post-extraction antibiotics varied from 3 to 28 days, although one consultant prescribed antibiotics for cases two and three until the healing was completed.
Considering the use of HBO, 22/65 (34%) of the clinicians advocated HBO in case two, in contrast to case three where 10/65 (15%) were in favour of such modality.
DISCUSSION
Radiotherapy can positively affect the patient's survival and is considered a potent therapeutic tool against malignancy. Occasionally the spectrum of complications includes osteoradionecrosis, a distressing condition that can influence the rate of tissue recovery, as well as the patient's prosthetic rehabilitation. The incidence of ORN varies considerably in different studies ranging from 2% to 85%. 10, 22, 24, 28 In general, the risk is significantly higher for the dentate than for the edentulous patient.
When an extraction is contemplated in this patient group, there is no consensus on how it is to be performed. There is no doubt that the general dental practitioner makes an important contribution to the head and neck cancer team by helping to maintain an optimal oral hygiene. However, for the procedure itself suggestions included a radical alveolectomy 6 so that tension-free watertight mucosal coverage of bone can be achieved. In one article 18 alveolectomy was recommended together with nasogastric feeding for 8 days.
The literature generally supports the use of peri-extraction antibiotics 19, 25, 26, 27, 31, 32 for patients at risk of ORN, however there is an evident lack of detail concerning the type, dose and timing of antibiotic prophylaxis. Evidence is lacking upon which to base unequivocal guidelines as reflected by the diversity of practice reported in this survey. Pre-extraction antibiotics on the patient that had previous radiotherapy were clearly favoured when compared with the patient that had surgery alone. The use of prophylactic amoxicillin was the first choice in the non-allergic patient, followed by augmentin and the combination of amoxicillin with metronidazole. In the patient with a penicillin allergy, a preference to clindamycin followed by metronidazole and the combination of a cephalosporin with metronidazole has been recorded (Figs 1 and 2) . otics with HBO. The relatively low use of HBO is at first glance surprising considering the very low ORN reported by Marx in the only available randomised trial, comparing HBO alone versus penicillin in the management of extractions. Marx et al. 17 reported an incidence of ORN in the HBO group of 5.4% versus 29.9% in the antibiotic group. HBO may not be a popular option for reasons such as geographical location, costs, and lack of perceived necessity. Taking into account anecdotal comments on the last section of the questionnaire, availability of the specific equipment, as well as the resources available in the clinical hyperbaric centres currently adversely affects the use of HBO prophylactically. It appears that this choice is reserved for the management of established cases of ORN and almost always in combination with substantial doses of intravenous antibiotics. Analysis of the data represents only an indication of how extractions are managed in the irradiated patient. Carefully designed randomised trials are needed for establishing the relative importance of the type, dose, timing and duration of antibiotics. In the absence of any such trials, it would seem reasonable to suggest that for patients who require extractions or other minor oral surgery following radiotherapy are best managed in an oncology centre. Prophylactic antibiotics should be considered with either amoxicillin or metronidazole or clindamycin perioperatively and possibly for up to five days postoperatively. When available and in cases where radiation dose to the mandible has been greater than 50 gray, prophylactic HBO should be considered. 30, 36 Although the use of amoxicillin, metronidazole and clindamycin are choices which conform with recent recommendations 31 the duration of the course given varied from 3 to 28 days and on one occasion until healing had been completed (Table 1) . Such action exposes the absence of a definitive oral health protocol for patients at risk of ORN. There is also clear evidence of overprescribing in patients at risk of ORN. Inappropriate use of antibiotics leads to the development of antibiotic resistance. 33 In addition, the presentation of a high dose of an antibiotic agent can result in a fatal adverse host response. Antimicrobials may also cause damage to blood vessels and have adverse effects on the respiratory and cardiovascular systems. 34 The severity of ORN and the required aggressive management has been clearly reflected after direct comparison of the intended actions in cases one and two of the questionnaire.
The majority of oral and maxillofacial surgeons would prescribe antibiotics irrespective of risk for subsequent ORN as it appeared when analysing data from cases two and three. No significant difference in the antibiotic choice was obtained, with 39/44 adopting the same measures. Clearly for cases two and three the consensus supported antibiotic use at induction or 1 hour pre-operatively. There were no significant differences between the intravenous and the oral route of antibiotic administration.
Although the clinical application of hyperbaric oxygen is regarded as an additionally helpful treatment modality in various medical specialties, 35 this was not the case in the data collected. Surgeons were reluctant to substitute the use of antibi- 
